As ideal candidates for the implementation of a complex network on a chip, light-emitting diodes (LEDs) with optoelectronic feedback loop can display complex sequences of periodic mixed mode oscillations and chaotic spiking. This paper presents a neural network based feedback control scheme for synchronization of coupled LEDs networks. Based on Lyapunov stability theory, the controller can stabilize the synchronization error dynamics around the origin point, thus robust synchronization can be obtained. The effectiveness of the proposed control scheme is illustrated ba a numerical example.
Introduction
Synchronization is ubiquitous for a population of dynamically interacting units and plays a very important role in various fields [1] . Various kinds of synchronization phenomena have been observed and studied, such as complete synchronization [2] , phase synchronization [3] , lag synchronization [4] and projective synchronization [5] . Recently, synchronization in complex networks has attracted an increasing attention [6] . In the real world, synchronization of complex networks can not only explain many natural phenomena, but also have many applications [6] . Therefore, various synchronization methods for complex networks have been presented, such as adaptive pinning control [7] , and observer based control [8] and adaptive-impulsive control [9] .
Recently, a GaAs light-emitting diode (LED) with ac-coupled nonlinear optoelectronic feedback has been shown to exhibit complex dynamics including mixed mode oscillations and chaos [10] . The effects of noise on the chaotic attractor in coupled LED systems have also been studied [11] . The goal of this paper is to achieve robust synchronization between two LED networks. In each network, LEDs are coupled bi-directionally through the bias current with sufficiently weak coupling. We propose a controller based on radius basis function (RBF) neural networks which deal with the unknown terms or uncertainty of the nonlinear systems due to their approximation ability [12] . Based on Lyapunov stability theory, stability of closed-loop error system is proven. Then the synchronization is guaranteed. Simulation results demonstrate the validity of the method.
LED System Model and Its Complex Dynamics
For numerical and analytical purposes, the LED system dynamics is written in dimensionless form (see [8] x x x − − .
Synchronization of Coupled LED Networks via Neural Networks Control
The drive network consists of N LEDs is given by:
is the outer-coupling matrix ij g is the coupling strength.
The corresponding controlled LEDs network is given by: Subtract (2) from (3), one gets the error dynamics as (8), by properly selecting the feedback gain matrix B , one can make the error dynamical system (5) globally asymptotically stable at the origin, thus implying that the systems (2) and (3) 
Simulation Results
To illustrate the effectiveness of the proposed control method for the synchronization of the LED networks, numerical simulations are carried out in this section. Fig. 2 . In Case 1, the chaotic LED networks are controlled to follow the periodic ones as shown in Fig. 2 (a) and (b) . In Case 2, the periodic LED networks are controlled to follow chaotic ones as shown in Figure 2 (c) and (d). Before the control is implemented, the master and slave LED systems exhibit their own original complex dynamical behaviors. After the controller is applied, the synchronization error converges to a very small neighborhood of the origin point and chaos synchronization is obtained. 
Conclusions
Adaptive synchronization of LED networks with complex dynamics has been investigated in this paper. A neural networks based control scheme has been proposed. Based on the Lyapunov stability theory, the stability analysis has been given. The proposed controller ensures stable synchronization between the drive LED network and the response one, regardless of the system dynamics. The effectiveness of the proposed control method has been demonstrated by simulation results.
